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We present our B, V , Rc, and Ic observations of a 3.6
′×3′ field centered on the host galaxy of
GRB000926 (α2000.0=17
h04m11s, δ2000.0=+51
o47′9.8′′). The observations were carried out on the 6-
m Special Astrophysical Observatory telescope using the SCORPIO instrument. The catalog of galaxies
detected in this field includes 264 objects for which the signal-to-noise ratio is larger than 5 in each pho-
tometric band. The following limiting magnitudes in the catalog correspond to this limitation: 26.6(B),
25.7(V ), 25.8(Rc), and 24.5(Ic). The differential galaxy counts are in good agreement with previously
published CCD observations of deep fields. We estimated the photometric redshifts for all of the cata-
loged objects and studied the color variations of the galaxies with z. For luminous spiral galaxies with
M(B) < −18, we found no evidence for any noticeable evolution of their linear sizes to z ∼1.
Keywords: distant galaxies, photometric observations
1. Introduction
In recent years, significant progress has been made
in studying the properties and evolution of distant
galaxies. An important role in this progress has
been played by detailed studies of several so-called
deep fields – relatively small areas imaged (gener-
ally in several color bands) with long exposure times.
The best-known deep fields include the northern
and southern fields of the Hubble Space Telescope
(Ferguson et al. 2000), Subaru (Maihara et al. 2001),
VLT FORS (Heidt et al. 2003), and the most re-
cent and deepest (in the history of optical astron-
omy) survey conducted as part of the GOODS (Great
Observatories Origins Deep Survey) project with the
Hubble Space Telescope (Giavalisco et al. 2003). In
addition to surveys covering an appreciable part of
the sky (2MASS, 2dF, SDSS, and others), but lim-
ited to relatively low redshifts (z ≤ 0.3), deep fields
allow the properties of high z galaxies to be studied
and provide information about the evolution of the
integrated parameters of galaxies.
Our primary objective was to study in detail the
faint galaxies distinguished in the deep field obtained
with the 6-m Special Astrophysical Observatory
(SAO) telescope as part of our program of optical
identification of gamma-ray bursts (GRBs). In recent
years, investigators have increasingly pointed out
that, with the accumulation of observational data,
GRBs with their afterglows and host galaxies are be-
coming a useful tool in observational cosmology (see,
e.g., Djorgovski et al. 2003; Ramirez-Ruiz et al. 2001;
Trentham et al. 2002; and references therein). Thus,
a comparative analysis of the properties of GRB host
galaxies with the properties of galaxies at the same
redshifts is now of relevant interest. One of the meth-
ods for solving this problem is to study the popula-
tion of faint galaxies in the deep fields of GRB host
galaxies.
2. Observations and data reduction
We carried out our photometric observations of the
field of the host galaxy of GRB000926 on July 24
and 25, 2001, using the 6-m SAO telescope. The ob-
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serving conditions were photometric with 1.3-arcsec
seeing, measured as the full width at half maximum
(FWHM) of the images of starlike objects in the
field. The field was centered on the coordinates of the
host galaxy α2000.0=17
h04m11s, δ2000.0=+51
o47′9.8′′,
which correspond to the Galactic latitude and lon-
gitude b = 37o21′ and l = 77o45′ , respectively.
According to the infrared maps taken from the pa-
per by Schlegel et al. (1998), the Galactic reddening
toward the field being studied is E(B − V )=0.023.
In our observations, we used the SCORPIO
(Spectral Camera with Optical Reducer
for Photometrical and Interferometrical
Observations; for a description, see
http://www.sao.ru/moisav/scorpio/scorpio.html)
instrument mounted at the prime focus of the
6-m SAO telescope. The detector was a TK1024
1024×1024 CCD array. The pixel size was 24 µm,
which corresponded to an angular scale of 0.289′′ per
pixel. The CCD response curve and the SCORPIO
broad-band filters reproduced a photometric system
close to the standard Johnson–Cousins BV RcIc sys-
tem (Bessel 1990). We took five frames in each of the
B and V bands with total exposure times of 2500s
and 1500s, respectively; ten frames in Rc (1800
s);
and fifteen frames in Ic (1800
s). The absolute
photometric calibration of the data was performed
using the observations of standard stars from the
lists by Landolt (1992) and Stetson (accessible at
http://cadcwww.dao.nrc.ca/cadcbin/wdb/astro-
cat/stetson/query) on the same nights.
The primary data reduction was performed using
the ESO-MIDAS1 software package. It included de-
biasing, flat fielding, defringing in Rc and Ic, and
cosmic-ray hit removal (for a detailed description,
see the dissertation by Fatkhullin 2003). All of the
frames taken in one color band were coadded. The
coadded frames were reduced to the same orienta-
tion and to a single coordinate system. The sizes of
the region where the coadded images overlapped in
all bands were 3.6′×3′. This region was used for the
subsequent analysis (Fig. 1).
1 This package is supported and distributed by the
European Southern Observatory.
3. Large-scale photometry of objects in
the field
3.1. Extracting objects
We used the SExtractor (Source Extractor) (Bertin
and Arnouts 1996) package to extract objects in the
field and to perform their photometry. This package
is unique in that it allows us to extract objects and
construct their isophotes on one image and to calcu-
late the fluxes within these isophotes on another im-
age. Thus, we can determine the fluxes in all bands
for a given object within the same region of the im-
age. On the other hand, this technique makes it pos-
sible to find all of the objects in the field from its
common image for all bands, which allows problems
with the identification of the same object in different
bands to be avoided.
There are several methods for constructing a com-
mon image (i.e., the detection field). For example,
the field obtained by coadding the frames in different
color bands is often used to extract objects. We used
a relatively new method, that of constructing a χ2-
field. The χ2-field is a common image for all bands,
and it is used to extract objects and to construct a
common catalog of objects for all bands. The idea
of the method is that probabilistic methods are used
to analyze the distribution of image pixel values and
to determine the optimum detection limit for objects
above the background level (Szalay et al. 1999).
Schematically, the process of constructing the χ2-
field can be described as follows. The mean and rms
deviation (σb) of the sky background (the distri-
bution of sky background values is assumed to be
Gaussian) are determined from the images in each
color band. Subsequently, the corresponding back-
ground value is subtracted from each image, and the
resulting frame is divided by σb. As a result, we ob-
tain a transformed image for each band in which the
sky background is specified by a Gaussian with a zero
mean and a unit variance. If we consider the com-
bined transformed images, each pixel of the common
field may be represented as a vector with the num-
ber of elements equal to the number of bands. The
resulting χ2-field is an image, each pixel of which is
equal to the square of the length of the corresponding
vector of the common field.
If the observed region contained no objects and
displayed only the sky background, then the proba-
bility distribution function for χ2-field values would
correspond to χ2 with the number of degrees of free-
dom equal to the number of bands. However, an ac-
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Fig. 1. Reproduction of the field of GRB000926. The field sizes are 3.6′×3′.
tual field contains objects, and, therefore, the distri-
bution of χ2-field values is distorted. By analyzing
the χ2-fields for the observed region and for the sky
background, we can determine the optimum detec-
tion limit for objects in the actual field; this limit
turns out to be lower than that in the method of
coadding the frames in different color bands.
The detection conditions were specified in such a
way that objects that occupied an area of no less than
five pixels were extracted at fluxes in these pixels ex-
ceeding 3σ above the background level. For detection,
we also used filtering based on a wavelet analysis us-
ing a mexhat-type filter with a FWHM that corre-
sponded to the quality of our images, i.e., 1.3′′. This
filtering allowed us to effectively extract objects in
frames with a large image density and around bright
extended galaxies as well as to separate the compo-
nents of multiple objects.
3.2. Object extraction results and photometry
More than 550 objects satisfied the detection criteria.
However, to eliminate problems related to inaccurate
photometry due to the defects of the objects them-
selves, we excluded those which turned out to be near
the image boundaries and in two regions around very
bright objects (an overexposed star and a large inter-
acting system of galaxies). Thus, slightly more than
400 objects remained.
To increase the reliability of the subsequent analy-
sis, we included in the final catalog only those objects
for which the signal-to-noise ratio was larger than 5 in
each band. There were 285 such objects. The follow-
ing limiting magnitudes in the catalog corresponded
to this limitation: 26.6 (B), 25.7 (V ), 25.8 (Rc), and
24.5 (Ic).
For each object, we determined the total apparent
magnitudes and the corresponding color indices us-
ing the so-called best magnitudes generated by the
SExtractor package. These values are the best fits
to the asymptotic magnitudes of extended objects
(Bertin and Arnouts 1996).
The SExtractor package allows the objects to be
separated into starlike and extended ones by assign-
ing a corresponding “stellarity index” from 0 (ex-
tended) to 1 (star) to each of them. For the sub-
sequent analysis, we selected only those objects for
which the stellarity index was less than 0.7 in B (in
this band, the stellar disks and spiral arms of galax-
ies are separated relatively better). There were 264
such objects. We attributed the objects with an index
larger than 0.7 (their number was 21) to stars.
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4. Estimating the redshifts
Determining the spectroscopic redshifts for several
hundred faint objects extracted in deep fields is a
complicated and time-consuming observational prob-
lem. Fortunately, for many problems (e.g., for esti-
mating the evolution of the galaxy luminosity func-
tion), the so-called photometric redshifts estimated
from multicolor photometry turn out to be quite ac-
ceptable. The accuracy of these z estimates is about
10%, which is high enough for statistical studies of
the properties of distant objects. The main idea of
the photometric redshift estimation is very simple:
an object’s multicolor photometry may be considered
as a low-resolution spectrum that is used to estimate
z (Baum 1963).
In practice, we estimated the photometric red-
shifts for the extended objects of our sample us-
ing the Hyperz software package (Bolzonella et al.
2000). The input data for Hyperz were: the apparent
magnitudes of the objects in four bands, the inter-
nal extinction law (we used the law by Calzetti et
al. (2000) for starburst galaxies, which is most com-
monly used for studies similar to our own), the red-
shift range in which the solution is sought (we consid-
ered z from 0 to 1.3), and the cosmological model (we
used a flat model with Ωm=0.3, ΩΛ=0.7, and H0=
70 km/s/Mpc). The observed spectra of the galax-
ies were compared with the synthetic spectra for E,
Sa, Sc, Im, and starburst galaxies taken from the
GISSEL98 library.
Apart from the redshift estimate, the Hyperz pack-
age yielded the following basic parameters for each
object: the spectral type of the galaxy (based on the
similarity between the spectral energy distribution of
the object and one of the synthetic spectra), the age,
the absolute B magnitude, and a number of others.
5. Results and discussion
Our catalog of extended objects (N=264) has the
following integrated parameters:
(1) the mean absolute magnitude of the galaxies is
MB = –17.4±2.7 (σ);
(2) the mean photometric redshift is 〈z〉 =
0.53±0.39;
(3) the stellarity index in the B band is 0.08±0.12,
i.e., extended objects dominate in the catalog;
(4) the apparent flattening of the galaxies varies
between 0.22 and 1.00 with a mean value of 〈b/a〉 =
0.80±0.20.
Irregular and starburst galaxies (126 of the 264
objects or 48%) constitute about one half of the cat-
alog. Sa–Sc spiral galaxies are encountered in almost
a third of the cases (79 objects or 30%). The contri-
bution of elliptical galaxies is 22% (59 objects).
The mean angular size of the objects (FWHM) cor-
rected for the FWHM of the stars varies between 1.0′′
in Rc to 1.2
′′ in Ic (the errors of the means are ±0.5
′′).
At the mean redshift, a linear size of ≈7 kpc corre-
sponds to this angular size. If we restrict our analysis
to relatively near galaxies at z ≤ 0.5 (in this case,
the mean redshifts of the galaxies of various spec-
tral types are close), the expected dependence of the
linear sizes on the galaxy type shows up. Thus, the
mean FWHM for elliptical galaxies corresponds to a
linear size of 3.4 kpc, while starburst galaxies exhibit
more extended brightness distribution with FWHM
≈4.7 kpc.
5.1. Starlike objects
We used a fairly stringent criterion to separate galax-
ies and stars: we attributed objects with a stellarity
index in B of less than 0.7 to galaxies (a less strin-
gent limitation, e.g., 0.9–0.95 (Arnouts et al. 2001),
is commonly used).
The number of stars found in the field (21 stars
with apparent magnitudes B ≤ 24.5) is in good
agreement with the prediction of Bezanson’s Milky
Way model (for a description of this model, see, e.g.,
Robin et al. 2000). In a field with an area of 0.003
square degrees located at the Galactic coordinates
that correspond to our region, this model predicts 24
stars with B ≤ 24.5. Given the small size of the field
under study, such a close coincidence is, of course,
partly accidental. However, it is indicative of the rela-
tively small number of stars that could be erroneously
attributed to galaxies.
Figure 2 shows the distribution of stars in the two-
color diagram. The solid line in the figure represents
the color sequence for main sequence stars (Sparke
and Gallagher 2000). Most of the stars exhibit colors
typical of main-sequence dwarfs.
5.2. Galaxy counts
The differential galaxy counts normalized to 1 sq.
degree and found within 0m.5 bins are shown in Fig.
3 (circles). These counts were not corrected for ob-
servational selection and represent the actually ob-
served numbers. The crosses in the figure indicate
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Fig. 2. Color distribution for starlike objects in the
two-color diagram. The solid line represents the color
sequence for main sequence stars.
similar counts for the VIRMOS survey (Le Fevre
2003; McCracken et al. 2003). Clearly, our counts are
in excellent agreement with this survey. For apparent
magnitudes B < 25, V < 24.5, Rc < 24, and Ic < 24,
the difference in the numbers of galaxies observed
in one magnitude bin, on average, does not exceed
20%. For fainter magnitudes, observational selection,
which manifests itself in the form of bends in the
curves of differential counts in Fig. 3, strongly affects
our data.
The slopes of the curves shown in Fig. 3 are also in
good agreement. According to our data, these slopes
are
0.47 ± 0.09 (B ≤ 25), 0.47 ± 0.04 (V ≤ 24),
0.38 ± 0.03 (Rc ≤ 24) and 0.29 ± 0.04 (Ic ≤ 24).
A similar variation in the slopes of the curves of dif-
ferential counts when passing from B to Ic was also
pointed out by McCracken et al. (2003).
On the other hand, the VIRMOS data are in excel-
lent agreement (to within 10%) with previous CCD
galaxy counts (McCracken et al. 2003). As an ex-
ample, Fig. 3 shows the counts for the northern and
southern deep fields of the Hubble Space Telescope
(Metcalfe et al. 2001). Near B ∼ 25, the ground-
based and space counts join to form a single depen-
dence that is currently traceable to B ∼ 29. A de-
tailed interpretation of this dependence (apart from
the fact that this is a classical cosmological test) can
yield important information about the evolution of
galaxy properties (Gardner 1998).
In Fig. 4, the observed colors of our field galaxies
are plotted against their apparent magnitude. The
figure clearly shows a trend well known from previ-
ous studies: fainter galaxies have, on average, bluer
colors. The dashed lines in the figure indicate similar
dependences for the VIRMOS galaxies (McCracken
et al. 2003) that are in satisfactory agreement with
our data.
Fig. 4. Mean color index V − Ic for the galaxies of
our field versus apparent magnitude Ic (red), and
color index B − V versus B (blue). The dashed lines
represent similar diagrams for the VIRMOS galaxies
(McCracken et al. 2003).
The agreement between the counts in our field with
the data for other deep fields is remarkable, because
our field is very small and contains a relatively small
number of galaxies. For example, the previously men-
tioned VIRMOS catalog contains ≈ 105 galaxies; this
number exceeds the size of our sample by several hun-
dred. This agreement suggests that our field is repre-
sentative and reflects well the average properties of
the galactic population, at least up to z ∼ 1.
5.3. The z distribution
Figure 5 (left) shows the redshift distribution of the
catalogued galaxies. This distribution exhibits a peak
at z = 0.2− 0.3 and a long, gently sloping tail up to
z = 1.3. The z distribution of the galaxies is dis-
torted by selection effects. One of the strongest se-
lection effects is our requirement that the signal-to-
noise ratio for an object be larger than five in all
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Fig. 3. Differential galaxy counts in the field of GRB000926 (circles) in different bands. The crosses indicate
similar counts for the VIRMOS survey (McCracken et al. 2003). The solid and dashed lines represent the B-
band counts for the northern and southern deep fields of the Hubble Space Telescope, respectively (Metcalfe
et al. 2001).
four bands. As a result of this condition, early-type
objects were mostly detected at a relatively low z
because of the decline in the spectral energy distri-
bution of early-type galaxies at short wavelengths.
This effect is clearly seen from Fig. 5 (left), where
the dashed and heavy solid lines indicate the distri-
butions of E–Sa and Sc–Im galaxies, respectively.
Figure 5 (right) shows the distribution of the cata-
logued galaxies in the ”absolute magnitude (M(B)) –
redshift” plane. The galaxy distribution in this plane
is also determined by selection effects; we extract
mostly luminous objects among the more distant ob-
jects. As an example, the dashed line in the figure
indicates the selection curve for an Sc spiral galaxy
with the apparent magnitude B = 26 (the observed
magnitude distorted by the k-correction). If all of the
galaxies of this type brighter than 26m were included
in our sample of objects, they would lie below the
dashed line in the figure. The fainter galaxies with
B > 26 would lie above this line. Clearly, the magni-
tude limitation explains well the galaxy distribution
in the M(B)− z plane.
The strong selection in absolute magnitude in our
sample makes it difficult to directly compare the pa-
rameters of nearby and distant galaxies. However,
if we restrict our analysis only to luminous objects
(say, with M(B) < −18), then the selection effect is
weaker for them, and such galaxies are confidently
extracted up to the limiting z of our sample (Fig. 5).
Spiral and starburst galaxies dominate (90%) in this
sample.
Figure 6 shows variations in the angular sizes (the
FWHM corrected for the FWHM of the stars) of lu-
minous (M(B) < −18) galaxies in the Rc band (the
seeing was best during observations in this band).
Note that the FWHM values depend on the cos-
mological deeming in brightness much less strongly
than do the isophotal diameters. Therefore, they may
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Fig. 5. The z distribution of sample galaxies (thin solid line); the heavy solid (blue) and dashed (red) lines
indicate the distributions for Sc–Im and E–Sa galaxies, respectively (left). The absolute magnitude – redshift
diagram (right).
be used as rough estimates of the galaxy sizes. The
barred circles in Fig. 6 represent the mean values and
the corresponding dispersions for the redshift ranges
0–0.5, 0.5–1.0, and 1.0–1.3, while the dashed lines
indicate the lines of constant linear sizes (the lower
and upper curves correspond to linear sizes of 3 and
15 kpc, respectively). The angular sizes of the ex-
tended objects from our sample are located, on aver-
age, between the two curves of constant linear sizes.
For the luminous galaxies under consideration, the
mean FWHM in linear measure changes only slightly
with increasing z, and is 8 kpc (the solid curve in Fig.
6). The dotted curve in Fig. 6 indicates the expected
variation in the observed angular size of an object 8
kpc in diameter, as predicted by the model by Mao
et al. (1998) (in this model, the galaxy size varies as
∝ (1 + z)−1). Clearly, our data for the galaxies with
M(B) < −18 are inconsistent with such a strong evo-
lution of their sizes. This conclusion agrees with the
conclusion by Lilly et al. (1998) that the linear sizes
of large and luminous spiral galaxies change little to
z ∼ 1. A similar conclusion was reached by Simard
et al. (1999) and Takamiya (1999).
In the redshift range 0.3 to 0.5, where faint and
luminous objects are represented almost equally,
we compared the linear sizes for the galaxies with
M(B) > −18 and M(B) < −18. The luminous
(M(B) ≈ −19) spiral and elliptical galaxies turned
out to be a factor of about 1.5 to 2 larger than the
fainter (M(B) ≈ −17) galaxies. The expected change
in size for a galaxy with an exponential brightness
distribution and a constant central surface brightness
is ∆logD ∝ 0.2∆M . Therefore, when the absolute
magnitude of a spiral galaxy changes by 2m, its size
Fig. 6. Galaxy angular size in Rc versus redshift (see
the text).
will change by a factor of ≈2.5. The observed change
in galaxy size is smaller than this estimate, probably
because the disks of many distant galaxies are poorly
described by an exponential law (Reshetnikov et al.
2003).
The variation in the observed colors of extended
objects with z roughly corresponds to the expected
variation for local galaxies at the corresponding z. As
an example, Fig. 7a,b shows the galaxy positions in
the two-color diagrams for two redshift ranges. The
solid line in each of the panels represents the color se-
quence for normal galaxies at z = 0.2 (a) and z = 0.8
(b), as constructed by Fukugita et al. (1995). The
colors of galaxies at z = 0.7 − 0.9 are in satisfac-
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tory agreement with the expected distribution in the
two-color diagram (all of the objects in this z range
brighter thanM(B) = −18); the agreement is poorer
for z ≈ 0.2. However, the agreement becomes much
better if we consider only the luminous galaxies with
M(B) < −18 at z ≈ 0.2 (the crosses in Fig. 7a).
The color variations of Sa–Im spiral galaxies with
z are shown in a more detailed form in Figs. 7c and
7d. The solid lines in these figures represent the ex-
pected dependences for the accretion model of spiral
galaxy formation (Westera et al. 2002; Samland and
Gerhard 2003). According to Westera et al. (2002),
the galactic disk is formed inside a dark halo through
ongoing external gas accretion. In this model, the star
formation rate is a nonmonotonic function of time: it
reaches its maximum at z ≈ 1 and remains signif-
icant down to z = 0. The dashed lines indicate the
dependences for the model of a single collapse. In this
scenario, the disk has been formed through the con-
traction of a protogalactic cloud at z > 1. We see
from Figs. 7c and 7d that, in general, the accretion
model satisfactorily describes the general pattern of
variation in the observed colors of galaxies with z.
The collapse model is in much poorer agreement with
our data, predicting much redder colors at each z.
5.4. The host galaxy of GRB 000926
What is the host galaxy of the GRB whose region
is studied here?2 The apparent magnitudes of the
galaxy corrected for extinction in the Milky Way are
B = 26.01±0.17, V = 25.76±0.22, Rc = 25.88±0.28,
and Ic = 24.65 ± 0.40 (Fatkhullin 2002); its red-
shift is z = 2.0379 (Castro et al. 2003). Given
the k-correction for an Sc spiral galaxy (Poggianti
1997), the absolute magnitude of the host galaxy is
M(B) = −19.1. Consequently, it is a relatively faint,
but not dwarf object. The galaxy mass was roughly
estimated by Castro et al. (2003) to be ≈ 1010M⊙.
This value yields an estimate of the mass-to-light ra-
tio M/L(B) ≈ 1.5 (in solar units), which is typical
of objects of late morphological types with enhanced
star formation.
The observed colors of the host galaxy were com-
pared with the colors of faint (B > 25) galaxies in
this field by Fatkhullin (2002). The galaxy was found
to be, on average, bluer than other faint extended
objects. This conclusion is also confirmed by a direct
2 An image of this galaxy and more in-
formation can be found at SAO RAS
http://www.sao.ru/hq/grb/host-obs.html.
comparison of the observed colors for the host galaxy
of GRB000926 with the colors of objects at z ≈ 2 in
our field. Note, however, that, because of observa-
tional selection (see Fig. 5), the galaxies that we ex-
tracted at z ≈ 2 are, on average, much more luminous
than the host galaxy being discussed. A proper com-
parison of the colors requires studying the parameters
of galaxies at z ≈ 2 with a luminosity comparable to
that of the GRB000926 host galaxy. Since such ob-
jects are located near the magnitude limit of our field,
this is very difficult to do using our data. However,
certain conclusions can still be reached. That the col-
ors of the host galaxy are bluer than the colors of
galaxies at lower z can be explained by the fact that
the specific star formation rate in the Universe in-
creases with redshift (see, e.g., Madau et al. 1998);
hence, bluer colors are expected, on average, for the
galaxies (see, e.g., Fig. 3 from the paper by Rudnik
et al. 2003). Therefore, the host galaxy may well be
a typical spiral galaxy for an epoch of z ≈ 2. This ex-
planation is consistent with the conclusion previously
reached by several authors that the host galaxies of
GRBs are normal blue galaxies similar in properties
to galaxies at the same redshifts (Sokolov et al. 2001;
Le Floc’h et al. 2003; Djorgovski et al. 2003).
6. Conclusions
We have presented the results of our detailed photo-
metric study of a small (3.6′×3′) region in the field
of GRB000926 (Fig. 1). The observations were car-
ried out on good photometric nights, which allowed
us to reach a limiting magnitude of 26.6 in the B
band under fairly stringent conditions.
In the field under study, we extracted 264 ex-
tended objects and 21 starlike objects. The number
of presumed stars agrees with the expected number
in Bezanson’s Milky Way model. The stellar colors
are typical of main sequence dwarfs (Fig. 2).
The differential galaxy counts in the field to B ≈
25 are in good (to within 20%) agreement with pre-
vious CCD surveys of several deep fields (Fig. 3). We
have confirmed the existence of a general tendency
in the observed colors of the field galaxies with their
apparent magnitude (Fig. 4).
An analysis of the images of luminous (M(B) <
−18) galaxies has led us to conclude that there is no
strong evolution of their linear sizes at z ≤ 1 (Fig.
6).
In general, the color variations of spiral galaxies
with z agree with the predictions of the accretion
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Fig. 7. (a and b) Positions of the sample galaxies in the two-color diagrams for two redshift ranges. The
solid lines indicate the corresponding color sequences for normal galaxies (Fukugita et al. 1995); the crosses
in Fig. 7a mark luminous galaxies withM(B) < −18. (c and d) The evolution of the observed colors of spiral
galaxies. The barred circles represent the mean color indices in the redshift ranges 0–0.3, 0.3–0.6, 0.6–0.9,
and 0.9–1.2. The heavy solid and dashed lines indicate the model dependences for the accretion model of
disk galaxy formation and for the model of a single collapse (Westera et al. 2002), respectively.
model, in which galactic disks are formed within dark
halos through long-term external gas accretion (Fig.
7).
One of the important results of our study is that in
the cases where we can compare our data with pre-
viously published data for other (often deeper and
larger) fields, they are in good agreement. This im-
plies that investigating relatively small deep fields is
a quite efficacious method of studying the evolution
of galaxies.
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